Objective: Intensity-modulated radiotherapy (IMRT) for anal canal carcinoma (ACC) is associated with favourable toxicity outcomes. Side effects include sexual dysfunction, skin desquamation, pain and fibrosis to perineum and genitalia region. The genitalia are situated anterior to the primary ACC between two inguinal regions providing a challenging structure to avoid. Techniques improving outcomes require robust, consistent genitalia contouring to ensure standardization and production of fully optimized IMRT plans. Official recommendations for genitalia contouring are lacking. We describe a potential genitalia contouring atlas for ACC radiotherapy. Methods: Following a review of genitalia CT anatomy, a contouring atlas was generated for male and female patients positioned prone and supine. Particular attention was paid to the reproducibility of the genitalia contour in all planes.
Objective: Intensity-modulated radiotherapy (IMRT) for anal canal carcinoma (ACC) is associated with favourable toxicity outcomes. Side effects include sexual dysfunction, skin desquamation, pain and fibrosis to perineum and genitalia region. The genitalia are situated anterior to the primary ACC between two inguinal regions providing a challenging structure to avoid. Techniques improving outcomes require robust, consistent genitalia contouring to ensure standardization and production of fully optimized IMRT plans. Official recommendations for genitalia contouring are lacking. We describe a potential genitalia contouring atlas for ACC radiotherapy. Methods: Following a review of genitalia CT anatomy, a contouring atlas was generated for male and female patients positioned prone and supine. Particular attention was paid to the reproducibility of the genitalia contour in all planes.
Results: Male and female genitalia positioned prone and supine are described and represented visually through a contouring atlas. Contoured areas in males include penis and scrotum, and in females include clitoris, labia majora and minora. The muscles, bone, prostate, vagina, cervix and uterus should be excluded. The genitalia contour extends laterally to inguinal creases and includes areas of fat and skin anterior to the symphysis pubis for both genders. Conclusion: This atlas provides descriptive and visual guidance enabling more consistent genitalia delineation for both genders when prone and supine. The atlas can be used for other sites requiring radiotherapy planning. Advances in knowledge: This atlas presents visual contouring guidance for genitalia in ACC radiotherapy for the first time. Contouring methods provide reproducible genitalia contours that allow the provision of accurate dose toxicity data in future studies.
The standard of care for anal cancer treatment is chemoradiation, combining external beam radiotherapy with fluoropyrimidine and mitomycin-C chemotherapy. 1 Intensity-modulated radiotherapy (IMRT) in anal cancer is the preferred method of radiotherapy delivery owing to its ability to highly conform to target areas and spare normal tissues compared with conventional radiotherapy delivery of two to four fields.
2 During the radiotherapy planning process, a clinician contours the planning target volume (PTV) and organs at risk (OARs) on axial CT slices. PTV dose objectives and OAR dose constraints are assigned in the treatment planning system and prioritized to provide maximum homogeneous dose to the PTV whilst minimizing dose to OARs. The dose constraints assigned to OARs are usually based upon treatment planning studies and toxicity outcome data for the particular OAR. Many OARs were discussed within the Quantitative Analyses of Normal Tissue Effects in the Clinic data, 3 however, only the penile bulb is discussed within genitalia structures. To produce a successful IMRT plan that meets predefined acceptance criteria, realistic dose constraints must be applied, and this depends upon robust contouring of the OAR. 4 Such radiotherapy plans will also need to consider if regional lymph nodes are involved, which requires an additional boost dose as part of the radiotherapy regime. The lymphatic drainage of the anal canal mirrors the vascular supply and is related to the embryological origin of the canal from both ectoderm (lower one-third of the canal) and endoderm (upper two-third). The dentate line demarcates the division between these regions. The lower part of the anal canal is drained by the superficial inguinal nodes, whereas the upper part drains via the lymphatics accompanying the middle and inferior rectal vessels that either drain directly into the internal iliac vessels or via the internal pudendal vessels. The lymphatics drain into the internal iliac nodes.
Major radiotherapy acute side effects for anal cancer include skin toxicity to the perineum and genitalia. Skin reactions vary from minor (erythema) to major (moist desquamation), and may require hospital admission and require a "break" in treatment, potentially affecting the probability of local control of the tumour. 1, 5 Long-term reactions include local fibrosis with pain, loss of mobility and impaired sexual function. 6, 7 The genitalia are situated anterior to the primary anal carcinoma and between two inguinal nodal regions meaning this is a difficult structure to completely avoid. Planning studies comparing conventional radiotherapy vs IMRT report a dose reduction to the genitalia when using IMRT, 8, 9 with outcome data from the use of IMRT reporting favourable skin toxicity outcomes. [10] [11] [12] Following the results of these studies, a planning study conducted by our institution, 2 along with our IMRT experience of other sites, we implemented anal cancer IMRT in 2011. However, we found the contouring of genitalia to be inconsistent, influencing our ability to meet normal tissue constraints and thus affecting the quality of the radiotherapy plan. Ideally, implementation and evaluation of new techniques should be set within clinical trials, facilitating robust and consistent contouring of the OAR. However, anal cancer trials to date have not provided detailed guidance on outlining genitalia, so there is no standardization of approach, with a wide variation in the plans produced. We have therefore proposed a contouring atlas for the delineation of male and female genitalia for use in anal cancer radiotherapy.
METHODS AND MATERIALS
Four patients with primary anal cancer, no regional nodal involvement, were identified who had previously received IMRT. Two patients were male and two were female, one treated prone and one supine in each gender group. Informed consent was obtained for all patients regarding the use of their radiotherapy images for study and publication. This atlas provides representative examples for the four main clinical situations encountered in radiotherapy voluming for anal cancer. These were derived from our series of .70 patients treated with IMRT as being representative examples of the series, and the chosen examples have been reviewed and approved by a gastrointestinal specialist radiologist. A multidisciplinary team consisting of a gastrointestinal radiologist, two clinical oncologists, a medical physicist and a therapy radiographer reviewed the genitalia anatomy and the surrounding tissues as seen on CT. An external genitalia contouring atlas was generated for male and female patients in the prone and supine positions. The specific structures outlined included the scrotum, perineal body, corpus cavernosum penis for males and clitoris, labia majora and minora for females. For both genders, the surrounding fat and tissue anterior to the symphysis pubis excluding the muscle and bone was also delineated. Particular attention was paid to the likelihood of reproducibility and consistency of the genitalia contour in the superior/inferior, anterior/posterior and lateral directions. All patients also had a diagnostic MRI scan of the pelvis, which was available to refine the location and extent of the primary tumour on planning CT. The superior soft-tissue contrast afforded by MRI added confidence to contouring of the OARs included on the diagnostic MR scan.
RESULTS
The male and female genitalia in the prone and supine positions are described and represented visually through a high-resolution CT contouring atlas as seen in Figures 1-4 . Two different windowing options are presented that demonstrate the internal anatomy and external contour. The window width and level to show the external contour were set to 1601 and 21300 HU, respectively. The window width and level to show the internal anatomy were set to 501 and 2 250 HU, respectively. The genitalia volume size for the supine and prone male was 412.9 and 267.1 cm 3 on axial CT slices, respectively. The genitalia volume size for the supine and prone females was 110.6 and 180.6 cm 3 , respectively.
In males, the scrotum, perineal body, corpus cavernosum penis and surrounding pre-pubic fat were contoured. The posterior border of the contour was defined by the exclusion of the rectum, prostate, urethral bulb and symphysis pubis. The lateral border extended from the inguinal crease at the anterior skin surface and joined the posterior border, excluding muscle and bone. The surrounding fat and tissue anterior to the symphysis pubis was included within the lateral borders. The inferior/superior extent of the contour was defined as the first and last slices seen containing scrotal and penile tissue.
In females, the area contoured consisted of the clitoris, labia majora and minora, and surrounding fat. The posterior border of the contour was defined by the exclusion of the vagina, cervix, uterus and symphysis pubis. The lateral border extended from the inguinal crease at the anterior skin surface and joined the posterior border, excluding muscle and bone. The mons pubis, surrounding fat and tissue anterior to the symphysis pubis was included within the lateral borders. The inferior/superior extent of the contour was defined as the first and last slices seen containing labial tissue.
DISCUSSION
To our knowledge this work presents for the first time concise, informed guidance for contouring the genitalia through a contouring atlas. This atlas was designed for radiotherapy purposes only and not as an anatomical and/or diagnostic tool. The aim of this atlas was to define the genitalia region to be considered in radiotherapy with a high emphasis on reproducibility and consistency. As with any normal tissue structure in radiotherapy volume localization, tissue exclusion depends on the clinical setting with the priority being appropriate tumour volume coverage. Therefore, the atlas acts as a tool to aid identification of genital structures in a consistent fashion, but their implementation in clinical practice should incorporate the radiotherapy planning principals common to other tumour treatment sites.
Unlike other studies often describing the contouring of the penis and scrotum in males and the clitoris, labia majora and minora in females, we included the surrounding fat and used the inguinal crease as an anatomical reference for the lateral border. Whilst it is important to spare the penis and scrotum in males and the clitoris, labia majora and minora in females, it is also important to include tissues surrounding the structures such as the skin and fat in the inguinal crease. These areas can develop moist desquamation and if not contoured as a sparing structure may receive high doses. The atlas has been produced as an aid to help generic planning of treatment of the primary tumour. Should regional lymph nodes be considered to be involved, these would require a boost dose that may alter the target volumes delineated in the atlas. Therefore, we consider that the atlas will be used as the foundation for treatment planning and that target volumes will be modified to adequately treat individual patients dependent on factors such as regional nodal involvement.
Ng et al 13 acknowledges the lack of no established genitalia guidelines and describes the area to be contoured; the penis and scrotum (males), and the clitoris, labia majora and minora (females); the skin and fat anterior to the symphysis pubis for both genders should also be included. Myerson et al 14 present a contouring atlas for clinical target volumes in anal cancer and recommend contouring the femoral heads, bladder and bowel but not the genitalia. . Genitalia outlined for a male in the supine position. CCP, corpus cavernosum penis; P, penis; S, scrotum; SF, surrounding fat; UB, urethral bulb.
Gay et al
15 also present guidance for contouring normal tissues in pelvic radiotherapy but do not include the genitalia. Within the literature regarding IMRT for anal cancer, there is variation regarding the contouring method and dose constraints applied to the genitalia (Table 1 ) and genitalia dose reported ( Table 2 ).
The data used in this atlas were limited to an example of one male and one female patient, in each of the clinical treatment positions. However, these are examples, and the authors have outlined more patients. This permitted demonstration of the genital structures in atlas format for clinicians to refer to and base their outlining on. As with all radiotherapy planning atlases, it did not aim to cover all anatomical variations. The difference in genitalia volume size between and within the genders indicates this potential variation and further studies at our institution are looking at a wider application of the genitalia atlas both to a retrospective series and prospective group of patients treated with IMRT for anal cancer. From this, an assessment will be made of whether or not the current genitalia dose constraints need to be revised and incorporate some genderand tumour stage-specific recommendations.
Whilst structures such as the penis, scrotum and labia may be easier to identify in practice, it is very difficult to identify the full anatomical extent of the genitalia in all dimensions, and consequently, there has until now been a lack of consistency in outlining. Our method, using standardized lateral borders should reduce this inconsistency, and it is ultimately hoped that dose constraint data will be more meaningful and achievable as a result.
There is an ever increasing role of MRI for radiotherapy planning, given the advantages of the higher contrast resolution of soft tissues and the multiplanar capability. In the future, it may be possible to refine the contours of the external genitalia using MRI planning scans or when fused with the CT planning data set. However, this would require a change in practice, as patients would need to be scanned using MRI in their treatment position, and scan protocols would need to be modified, as currently much of the external genitalia is excluded from diagnostic MRI.
CONCLUSION
Optimization of IMRT plans depends on accurate delineation of OARs as the planning algorithm will attempt to minimize dose to these structures, possibly at the expense of other normal structures not outlined or compromise the PTV coverage. There has been little work on genitalia dose constraints, partly because of the paucity of detailed data on outlining this OAR, and this atlas provides an opportunity to establish standardized outlining of these structures in males and females. This will subsequently allow the collection of toxicity data based on accurate and consistent OAR outlining and will help to optimize IMRT plan generation for this group of patients.
Furthermore, the atlas can be applied to other tumour sites receiving pelvic radiotherapy such as rectal, gynaecological and prostate cancers. Pelvic radiotherapy dose to the genitalia is responsible for both acute and late toxicities that have important long-term consequences in terms of sexual dysfunction and other quality of life issues. This is therefore an important area on which to focus and to ensure that there is the same level of accuracy and reproducibility as with other OARs.
